The behaviour of the internal H-and external proton beams has been considerably improved during the past year. Better steering near the centre has resulted in the internal vertical emittance being reduced to hTr mm-mrad, while the external beam emittances are now 37r mm-mrad vertically and 3fT mm-mrad horizontally, for 90% of the beam. Digitization of probe data together with computer-aided trim coil tuning has enabled the beam to be centred vertically to within ±6 mm; this has been important in simplifying the simultaneous extraction of two beams at independently variable energies (183 to 520 MeV) and intensities (split-ratios from 1/1 to 1/5000). Beam losses in the cyclotron are <20%; direct evidence is presented for gas and electromagnetic stripping, and also for a loss of a few per cent by resonant processes. New techniques have been developed to measure the phase, and have enabled the phase excursions (As inq) to be reduced from ±0.7 to <+±0.2 below 400 MeV. At high energies the phase excursions reach +0.4, as anticipated from the magnetic field survey. However, a method is proposed by which separated turns could still be achieved and the energy spread reduced to 0.1 MeV, just as in a perfectly isochronous field.
Introduction
Initial measurements of the properties of the Hbeam in the TRIUMF cyclotron were reported at the Washington1 and ZUrich2 '3 conferences in 1975 . In line with the project's main thrusts since then-towards increased intensity and reliabil ity4-development of the beam has centred on (i) improving beam quality and steering, allowing acceleration of cw beams of up to 50 viA without excessive spill, and (ii) better isochronism, giving a less critical and more easi ly recoverable tune, and improving the prospects for separated turn acceleration.
Outside the central orbits the total beam loss in the cyclotron is <20% at present-4-80 by gas stripping, 7% by electromagnetic stripping (from MeV), and a few per cent through local beam dynamic problems. In practice the latter means excessive vertical motion, since ions running 900 out of phase get decelerated back to the centre. Several technical improvements have contributed to keeping the localized beam losses at a low level:
(i) Beam 'scrapers' and spill monitors have been installed. The scrapers consist of extended stripping foils mounted 1.4 in. above and below the median plane and so positioned in azimuth that all scraped protons are dumped at one point on the tank wall. This not only localizes the activation but enables the spill from all radii to be monitored simultaneously, and much more sensitively, than by observing the transmitted current.
(ii) The an energy-limiting probe is driven in past radii of 235 and 213 in. Investigation with a chopped beam, 100 FWHM, showed that these losses were associated with the extreme positive phases (a 100 interval out of a total phase acceptance of 400 phase oscillations of up to ±200 were left, as noted above. However, a technique has now been found which makes such a stringent isochronous requirement unnecessary. In the perfectly isochronous case, for a finite AX, the optimum fraction of third harmonic c=c* is a little greater than the nominal 1/9, creating two humps in the voltage wave at q=+OI:4nd making V(+Ap/2)=V(0); in this situation the energy resolution AEO/E=l-V(0)/ V(±+m)3(A4)4/512. The basis of the new technique is to arrange the phase oscillations symmetrically across the two humps in order to average out the voltage variation. The simplest example to consider is a phase ramp linear in energy from -c5 to +¢s; in this case it can be shown that the energy spread can always be reduced to AEO(A), independent of 4, for a suitable choice of c , viz. TRIUMF's phase oscillations of course vary in amplitude, so that the optimum value of c will vary in radius; nevertheless it has been possible to find a value of c (0.120) which, for Ap=200, makes AE < 1.3 AEo = 52 keV between 450 and 500 MeV. also shown; as expected theoretically the sensitivity to £ is independent of isochronism. It should be noted that the discussion above completely neglects the effects of instabilities on AE; for TRIUMF these are expected to add an additional 50 keV.
Emittance Density Distribution
It is difficult to measure beam emittanceat 500 MeV with the resolution obtained at lower energies using slit systems. A method has been described3 for measuring an emittance, assumed to be elliptical, using beam profiles measured at various quadrupole strengths. Gray7 describes a relaxation method using profiles measured at three locations; however, our multi-wire ion chamber monitors do not have sufficient resolution for this, so we have extended our earlier method3 to use the detail in the profile measurements to give a density distribution in phase space without any assumptions of elliptical shape. At a given quadrupole setting adjacent wires on a monitor define adjacent parallel bands in phase space; the fraction of beam in a particular band is proportional to the signal Fn on the corresponding wire n. Altering the quadrupole strength alters the slope of the bands and the wires sample different slices through the emittance. If the emittance plane is divided into a grid and the beam intensity in the ijth element is Iij, then, summing over i,j, Fn = E aijn I where aijn is the area of the ijth element intercepted by band n. Enough measurements are made that the problem is overdetermined and the Ij are estimated by a least squares method; measurements made in turn with different quadrupoles and using several monitors can be combined to improve the resolution. In practice it is often necessary to alter the quadrupole settings upstream to pre-calculated values to permit a wide range of slopes to be obtained. The measurement is made where the beam line is achromatic. A result is given in Fig. 6 ; the 'noise' is a few per cent of the total beam. The fitting program has an option to discriminate against negative intensities.
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